Detection of diverse SCCmec variants in methicillin-resistant Staphylococcus aureus and comparison of SCCmec typing methods  by Kim, J. et al.
9. Schoonmaker D, Heimberger T, Birkhead G. Comparison
of ribotyping and restriction enzyme analysis using
pulsed-ﬁeld gel electrophoresis for distinguishing Legio-
nella pneumophila isolates obtained during a nosocomial
outbreak. J Clin Microbiol 1992; 30: 1491–1498.
10. Falguera M, Rufı´ G, Dorca J, Verdaguer R, Gudiol F,
Manresa F. Neumonı´a por Legionella pneumophila en el
paciente inmunodeprimido. Enferm Infecc Microbiol Clin
1988; 6: 130–135.
11. Kirby BD, Snyder KM, Meyer RD, Finegold SM. Legion-
naires’ disease: report of sixty-ﬁve nosocomially acquired
cases and review of the literature. Medicine 1980; 59:
188–205.
12. Smith RP, Baltch AL, FrankeM, HioeW, Ritz W, Michelsen
P. Effect of levoﬂoxacin, erythromycin or rifampicin pre-
treatment on growth of Legionella pneumophila in human
monocytes. J Antimicrob Chemother 1997; 40: 673–678.
13. Edelstein PH. Antimicrobial chemotherapy for legion-
naires’ disease: time for a change. Ann Intern Med 1998;
129: 328–330.
14. Roig J, Rello J. Legionnaires’ disease: a rational approach
to therapy. J Antimicrob Chemother 2003; 51: 1119–1129.
RESEARCH NOTE
Detection of diverse SCCmec variants in
methicillin-resistant Staphylococcus aureus
and comparison of SCCmec typing methods
J. Kim, J. H. Jeong,H. Y. Cha, J. S. Jin, J. C. Lee,
Y. C. Lee, S. Y. Seol and D. T. Cho
Department of Microbiology, Kyungpook
National University, School of Medicine, Daegu,
Republic of Korea
ABSTRACT
Non-duplicate methicillin-resistant Staphylococcus
aureus (MRSA) isolates (n = 436), collected from
four hospitals located in three Korean cities
between 2001 and 2005, were investigated by
SCCmec typing and multilocus sequence typing
(MLST). Variations within SCCmec, especially
type II, were detected in 165 (37.8%) isolates,
and these variants were characterised using four
different SCCmec typing methods. The predo-
minant SCCmec type was a type II variant that
differed from type II by the absence of a pUB110
insertion. MLST analysis showed that most of the
isolates carrying SCCmec variants belonged to
ST5.
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SCCmec is a mobile element, comprising the mec
gene complex, the ccr gene complex and the
junkyard (J) regions, which can integrate into the
Staphylococcus aureus chromosome [1,2]. In 2001,
Ito et al. [1] described three types of SCCmec
elements (designated I–III), based on the structure
of the mecA complex and the ccrAB allele. Sub-
sequently, SCCmec type IV was identiﬁed, initially
in two community-acquired strains of methicillin-
resistant S. aureus (MRSA) [2,3]. In 2002, Oliveira
and de Lencastre [4] developed a single-step
multiplex PCR (M-PCR) method designed to
provide maximum resolution of the various
structural variants of the SCCmec element, based
on genes located within the J-regions of SCCmec
elements. Although this method did not include
identiﬁcation of the ccrAB allele, it enabled dis-
crimination of the four major SCCmec types and
certain variants, such as IA and IIIA. This method
is simple and easy to perform, and has therefore
been used increasingly, but is limited by its
inability to detect the newly identiﬁed SCCmec
type V and subtypes IVa–IVd [5,6]. Subsequently
Zhang et al. [7] developed a new M-PCR strategy
that has the advantage of identifying the J1 region
of eight SCCmec elements (I, II, III, IVa–IVd and
V) simultaneously.
In the present study, the SCCmec structural
type and sequence type (ST) of 436 clinical isolates
of MRSA were determined. The isolates were
collected from four hospitals located in three
Korean cities between 2001 and 2005. All isolates
were tested for phenotypic resistance to oxacillin
by the salt agar dilution method according to
CLSI (formerly NCCLS) guidelines [8], and for the
presence of the mecA gene by PCR.
To determine the SCCmec structural type, the
M-PCR developed by Oliveira and de Lancastre
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[4] was performed. Strains COL, PER34, N315,
ANS46, HU25, KDG2 and MW2 were included as
positive controls for SCCmec types I, IA, II, III,
IIIA, IIIB and IV, respectively. Among the 436
isolates, 271 (62.2%) harboured one of the previ-
ously reported SCCmec types, e.g., types II, III,
IIIA, IV and IVA, but 165 (37.8%) isolates showed
deviations from the multiplex patterns described
previously [4] (Table 1). All isolates harbouring
SCCmec variants I-1, II-2–II-6, III-1 and IV-1, and
some isolates harbouring SCCmec variant II-1,
underwent PCR-based typing of the ccr and mec
gene complex, as described by Ito et al. [1] and
Okuma et al. [3], respectively, and SCCmec typing
as described by Zhang et al. [7]. Detection of the
ccr gene complex was performed using primer b2
and one of primers a2, a3 and a4 [1]. In the present
study, the mec gene complex type was determined
using primers IS-5 and mA6 to detect class B,
primers mI4 and mI3 to detect the mecI gene of
class A, and primers mcR2 and mcR5 to detect the
mecR1 gene of class A [3]. The SCCmec typing
assay of Hisata et al. [9] was also performed to
discriminate SCCmec IIa from IIb, using strain
N315 as a positive control for SCCmec type II. The
results obtained are summarised in Table 1.
The SCCmec type I variant, which differed from
SCCmec type I by the absence of the dcs gene (locus
D) according to the M-PCR of Oliveira and de
Lancastre [4], was also negative according to PCR
targeting the ccr and mec gene complex. However,
a 613-bp band, corresponding to SCCmec type I,
was detected by the M-PCR of Zhang et al. [7].
Therefore, this SCCmec type was considered to
be a variant of type I and was named type I-1.
According to the M-PCR of Oliveira and de
Lancastre [4], the II-1 variant differed from type II
by the absence of locus G, corresponding to a
pUB110 insertion. Although locus B (the kdp
operon), known to be speciﬁc for type II, was
not found in the II-3, II-5 and II-6 variants, the
presence of ccr2 and the class A mec complex
indicated that these cassettes strongly resembled
type II. Although type II-3 could not be discrim-
inated from type IVA by the M-PCR of Oliveira
and de Lancastre [4], these two types could be
differentiated because of the difference in mec
gene complex type. Types II-1, II-2 and II-4 were
recognised as types II and IIa, respectively, by the
methods of Zhang et al. [7] and Hisata et al. [9].
Shore et al. [10] reported seven novel variants of
SCCmec in MRSA isolates from Ireland [10], and
there are similarities between variants II-3, II-5
and II-6 in the present study, and SCCmec
variants IIC, IIA ⁄ IIB and IID, respectively, in the
study by Shore et al. [10].
According to Oliveira and de Lancastre [4],
type III-1 differs from type III by the absence of
locus E. This type was identiﬁed as type III by the
M-PCR of Zhang et al. [7], and is identical to the
SCCmec variant III-pI258 ⁄Tn554 described by
Shore et al. [10].
For eight isolates, locus D (speciﬁc to types I, II,
and IV) and locus F (speciﬁc to type III) were both
detected by the M-PCR of Oliveira and de
Lancastre [4]. This type was suspected to be a
variant of type IV because of the presence of ccr2
and the class B mec complex, and thus was named
type IV-1. Isolates deﬁned as types IV and IVA [4]
did not belong to any subtype of IV (IVa–IVd)
Table 1. Variable SCCmec structures among 436 clinical isolates of methicillin-resistant Staphylococcus aureus
SCCmec type
No. of
isolates
Oliveira et al. [4] M-PCR
ccr type [1] mec type [3]
Zhang et al. [7] M-PCR
SCCmec II
subtyping [9]Multiplex patterna SCCmec type Multiplex pattern (bp) SCCmec type
I variant (I-1) 1 A NT NT NT 613, 147 I
II 64 C, B, D, G II 2 A 398, 147 II IIa
II variants
II-1 139 C, B, D NT 2 A 398, 147 II IIa
II-2 2 B, D NT 2 A 398, 147 II IIa
II-3 4 D, G IVA NT A 147 NT NT
II-4 2 C, B NT 2 A 398, 147 II IIa
II-5 7 C, D, G NT 2 A 147 NT NT
II-6 1 C, D NT 2 A 147 NT IIb
III 130 C, E, H, F III 3 A 280, 147 III
IIIA 33 C, E, F IIIA 3 A 280, 147 III
III variant (III-1) 1 C, H, F NT 3 A 280, 147 NT
IV 8 D IV 2 B 147 NT
IVA 36 D, G IVA 2 B 147 NT
IV variant (IV-1) 8 D, F NT 2 B 776, 147 IVa
aA, region downstream of the pls gene; B, kdp operon; C, mecI; D, dcs gene; E, region between pI258 and Tn554; F, region between Tn554 and orfX; G, left junction between IS431
and pUB110; H, left junction between IS431 and pT181.
M-PCR, multiplex PCR; NT, non-typeable.
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according to Zhang et al. [7], and type IV-1 was
detected as type IVa.
Genotyping of MRSA by multilocus sequence
typing (MLST) analysis [11] revealed that most
isolates carrying SCCmec type II and its variants
belonged to ST5. The predominant MRSA clone
was ST5:II-1 (ST:SCCmec type), which was found
in 139 (31.9%) of 436 isolates, followed by
ST239:III, found in 129 (29.6%) isolates. A previ-
ous study investigating the distribution of MRSA
clones in Asian countries revealed that the ST5:II
clone was predominant in Korea and Japan, while
the ST239:III ⁄ IIIA clone was much more predom-
inant in other Asian countries [12]. In contrast to
the aforementioned study that described the
predominance of SCCmec type II, a predominance
of type II-1 (lacking pUB110) was revealed by the
present study.
In conclusion, the present study revealed
signiﬁcant variation in SCCmec elements, espe-
cially type II, among MRSA isolates distributed in
Korean hospitals. The M-PCR of Zhang et al. [7] is
convenient for detecting SCCmec types I and III,
but is not appropriate for identifying SCCmec
types II and IV. For these latter types, a combi-
nation of the M-PCR of Oliveira and de Lancastre
[4] and PCR-based detection of the ccr and mec
gene complex [1,3] is required for adequate
discrimination.
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